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Minerala, Trace Elementa and 
Vita mine 
G.J. JUD50N1, R.V. KENYON2, P.J. 6A61DGE1, I. CARMICHAEL1, D.J. HU66ARD4, 6.A. McGREGOR4 , R.W. PONZ0Nf2, 
AND C.D. TUCKWELL1 
INTRODUCTION 
Deficiencies reported to endanger health and produc-
tivity of the grazing ruminant in southern Australia 
include those of the minerals calcium, magnesium, 
phosphorus, sodium and sulphur; the trace elements 
cobalt, copper, selenium, iodine, manganese and zinc; 
and the vitamins A, B, D and E. Severe deficiencies 
can result in clinical signs which are specific: for exam-
ple white muscle disease as a result of selenium or vit-
amin E deficiency, steely wool or swayback as a result 
of copper deficiency, and grass tetany as a result of 
magnesium deficiency. However, the problem encoun-
tered in the field is more likely to be a marginal defi-
ciency which is not readily identifiable. Examples 
include reduced growth rate in apparently healthy 
young cattle as a result of copper deficiency; reduced 
wool production and growth rate of lambs due to sele-
nium deficiency; and reduced wool production even 
when 'steeliness' is not apparent in copper deficiency. 
Marginal deficiency is often more costly than severe 
deficiency because the former may go unnoticed and 
hence not be corrected. 
Laboratory tests can be helpful in determining the 
cause of an illthrifty condition or in identif}ring mar-
ginal disorders affecting productivity. Blood is often 
convenient to sample, and diagnostic tests have been 
developed for assessing the mineral, trace element and 
vitamin status of an animal. This study was undertak-
en to establish typical values for a number of minerals, 
trace elements and vitamins in blood of apparently 
healthy alpacas at pasture in southern Australia. The 
study was part of a larger project to examine the health 
and fibre production of alpacas (see Hubbard et af this 
proceedings). 
FARMS AND SAMPLING PROCEDURES 
Of the five alpaca herds selected for study, two were in 
South Australia: one near Penola (farm SAi) and the 
1 Primary Industries SA, 33 Flemington Street, Glenside, S.A. 5065 
other near Victor Harbor (SA2) and three in Victoria: 
one near Camperdown (VI), and the others near 
Ballarat (V2 and V3). The herds were predominantly 
Huacayas at farms SAi, SA2, VI and V2 and Suris at 
farm V3. Blood samples for chemical analyses were 
collected from 20-30 alpacas on each farm on five 
occasions in 1994-5 and this sampling procedure was 
repeated in 1995-6 on four of the farms. Alpacas select-
ed for sampling were from four age groups, crias ( <6 
months of age), weaners (6-12 months), tuis (12-24 
months) and adults (>24 months). 
At the time of blood sampling, pasture samples for 
chemical assay were collected from at least 1 m2 of the 
area where animals were grazing. Samples of any hay 
or pellet supplements fed to alpacas were also collect-
ed for analyses. 
PASTURE AND SUPPLEMENTS 
Pasture was grass dominant at all sites except SA2 
where alpacas had access to lucerne dominant pasture. 
Hay was provided, usually from late summer to win-
ter, to animals on all farms except VI, and 'alpaca' pel-
lets containing minerals, trace elements and vitamins 
A, D and E were provided to all animals at farms V2 
and V3. 'Horse' pellets of lower manganese content 
were also given to alpacas at farm V3 during the sec-
ond year of the study. Injections of a multi-vitamin 
preparation containing A, D and E were given to 
alpacas at all farms as follows: SAi - to selected 
alpacas after the July sampling in 1995; SA2 - to all 
alpacas in May, 1996; VI - to crias and weaners after 
the June, 1995 sampling; V2 - to crias after the June, 
1995 sampling, and V3 - to all animals after the July, 
1995 sampling. Vitamin B12 injections were given to 
selected alpacas at farm SAi after the June, 1996 sam-
pling and to all alpacas at farm SA2 in May, 1996. 
The ranges in concentrations of major and trace 
constituents in pasture grazed by alpacas are given in 
2 South Australian Research and Development Institute, GPO Box 397, Adelaide, S.A. 5001 
3 Primary Industries SA, c/o The University of Adelaide, Roseworthy, S.A. 5371 
4 Victorian Institute of Animal Science, 475 Mickleham Road, Attwood, Victoria 3049 
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Tables 1 and 2 respectively. Also included in these 
tables are the ranges in these constituents in hay and 
pellet supplements offered to the alpacas. The mini-
mum desirable concentrations of major and trace con-
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stituents in feed for alpacas have not been established. 
However, Tables 1 and 2 give the minimum desirable 
levels and the maximum tolerable levels of major and 
trace constituents in feed for ruminant livestock. 
Table 1: Range in mineral levels (g/kg dry matter) and dry matter content (% fresh weight) of pasture, hay and pellet 
supplements at two alpaca farms in South Australia (SA1, SA2) and three in Victoria (V1, V2, V3). 
(For each farm, ranges are given for pasture sampled in winter-spring (W-Sp} 
and in summer-autumn (Su-A). Ranges are also shown for the 'alpaca' and 'horse' pellets fed to alpacas.) 
Farm/Seasons/ Calcium Phosphorus Chlorine Magnesium Potassium Sodium Sulphur Dry matter 
(No. Samples) 
Pasture 
SA1 
W-Sp (17) 3.6-8.5 2.2-5.9 14-50 1.7-3.8 15-46 2.4-7.3 1.9-4.6 10-70 
Su-A (4) 3.2-5.0 1.0-1.6 4-6 1.0-1.4 4-9 0.8-1.5 1.0-1.5 76-94 
SA2 
W-Sp (8) 4.2-6.8 2.4-7.6 7-33 2.2-3.6 12-51 2.5-20.0 2.4-4.3 10-71 
Su-A (7) 2.3-11.5 1.7-3.3 2-17 2.0-3.5 4-31 1.0-5.7 1.6-4.3 25-95 
V1 
W-Sp (5) 2.4-5.9 3.1-5.1 17-28 2.4-3.2 20-37 3.5-6.8 2.4-3.5 10-24 
Su-A (1) 4.9 1.7 9 2.9 7 3.9 1.8 41 
V2 
W-Sp (24) 1.8-8.2 1.1-5.9 6-28 1.7-3.5 9-47 1.0-12.5 1.1-4.6 9-66 
Su-A (5) 1.5-4.5 0.8-1.5 3-6 1.7-2.0 5-8 1.3-1.4 0.7-1.6 70-93 
V3 
W-Sp (9) 2.6-4.9 2.2-4.3 6-20 1.7-2.5 11-42 0.5-1.1 1.5-3.7 13-37 
Su-A (5) 4.1-5.6 0.9-1.5 3-7 1.5-2.4 5-12 0.5-1.0 0.9-1.4 90-93 
Hay 
SA1 (5) 6.2- 15.7 1.5-2.4 15-26 1.8-4.1 19-30 2.9-10.6 1.8-3.8 84-95 
SA2 (6) 1.5-9.4 1.3-2.4 4-19 1.2-2.8 11-19 2.2-5.4 1.0-1.8 88-92 
V2 (4) 2.1-18.2 2.0-2.4 3-21 1.7-2.9 15-28 0.8-3.0 1.7-2.4 79-93 
V3 (4) 6.0-16.6 1.7-3.0 3-14 2.4-2.8 24-42 0.4-1.2 1.8-4.3 86-93 
Pellets 
V2 alpaca (3) 17-25 11-14 7-9 8-9 11-12 3-4 2-3 89-95 
V3 alpaca (4) 15-19 11-13 6-8 6-8 11 3-4 2-3 85-92 
horse (1) 11 5 8 2 9 3 2 89 
Desirable level in feed for: 
Sheep* 1.5-2.6 1.3-2.5 1.0 1.2 5.0 0.7-0.9 2.0 
Cattle* 1.9-4.0 1.8-3.2 2.0 1.9 5.0 0.8-1.2 1.5 
Maximum tolerable level in feed for: 
Sheep 20 6 55 5 30 35 4 
Cattle 20 10 24-55 5 30 16-35 4 
*where a range is given, the higher values are for rapidly growing or lactating animals (Standing Committee on Agriculture 1990. 
'Feeding Standards for Australian Uvestock. Ruminants'. CS/RO: East Melbourne.) 
In general, the concentrations of the major ele- well as the paddocks where samples were collected 
ments, apart from calcium, were usually higher in the varied between visits. At all farms pasture selenium 
winter-spring pasture than in the summer-autumn and cobalt concentrations were on occasions below the 
pasture (Table 1). All minerals in pasture and hay, desirable level in feed for livestock. Copper, zinc and 
apart from chlorine and potassium, were at times vitamin E were also below the desirable level in feed 
below the desirable concentration in feed sheep and for livestock on one or more farms at times during the 
cattle. In general the pellets had higher concentrations study. Iron and manganese concentrations were above 
of calcium, phosphorus and magnesium than found in the minimum desirable level at all farms on all occa-
pasture (Table 1). sions and on selected farms exceeded the maximum 
There were no clear seasonal differences in trace tolerable level in feed for livestock. The high iron con-
element levels in pasture (Table 2) but this is not unex- centrations were probably as a result of soil contami-
pected since the composition of pasture samples as nation of the pasture sample. 
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Table 2: Range in trace element and vitamin E levels (mg/kg dry matter) in pasture, hay and pellet supplements at 
alpaca farms in South Australia (SA 1, SA2) and in Victoria (V1, V2, V3). 
For each farm, ranges are given for pasture sampled in winter-spring (W-Sp) and in summer-autumn (Su-A). 
Ranges are also shown for the 'alpaca' and 'horse' pellets fed to alpacas. 
Farm/Season/ 
(No. Samples) 
Cobalt Copper Iron Manganese Molybdenum Selenium Zinc Vitamin E 
Pasture 
SA12 
W-Sp (17) 
Su-A (4) 
SA2 
W-Sp (8) 
Su-A (7) 
V1 
W-Sp (5) 
Su-A (1) 
V2 
W-Sp (24) 
Su-A (5) 
V3 
Sp-W (7) 
Su-A (5) 
Hay 
SA1 (5) 
SA2 (6) 
V2 (4) 
V3 (4) 
Pellets 
V2 alpaca (3) 
V3 alpaca (4) 
horse (1) 
0.04-1.70 
0.01-0.08 
0.08-0.67 
0.02-0.63 
0.08-0.68 
1.07 
0.01-1.62 
0.03-0.11 
0.01-1.25 
0.07-2.44 
0.01-0.28 
0.04-0.28 
0.05-0.62 
0.03-0.64 
0.2-2.0 
0.2-1.9 
0.5 
Desirable level in feed for: 
Sheep* 0.11 
Cattle * 0. 11 
4-9 
4-5 
6-14 
7-19 
6-8 
5 
4-15 
2-6 
5-15 
4-6 
2-4 
2-8 
4-11 
5-12 
22-33 
28-44 
14 
5 
7-10 
Maximum tolerable level in feed for: 
Sheep 10 25 
Cattle 1 o 100 
86-1004 
226-337 
236-2897 
493-3721 
208-1282 
417 
87-2700 
128-565 
281-8160 
190-3304 
42-109 
113-485 
65-111 
120-356 
827-1379 
761-986 
253 
40 
40 
500 
1000 
52-211 
52-108 
32-63 
35-107 
118-365 
324 
113-1052 
167-400 
523-1066 
790-1053 
12-48 
20-112 
35-201 
26-54 
206-284 
193-236 
103 
15-25 
15-25 
1000 
1000 
0.3-1.4 
0.1-0.4 
0.6-2.0 
0.3-1.3 
0.7-2.3 
0.6 
0.1-0.9 
0.1-0.3 
0.1-0.3 
0.1-1.2 
0.2-1.2 
0.1-0.8 
0.1-0.4 
0.0-0.8 
1.4-1.9 
1.7-1.9 
0.3 
0.1? 
0.1? 
10 
10 
0.03-0.10 
0.06-0.10 
0.03-0.09 
0.05-0.36 
0.03-0.07 
0.04 
0.03-0.16 
0.03-0.10 
0.03-0.09 
0.04-0.07 
0.08-0.17 
0.02-0.11 
0.02-0.03 
0.03-0.06 
0.4-1.5 
1.7-2.3 
0.2 
0.05 
0.05 
2 
2 
19-42 
14-21 
31-48 
33-65 
32-40 
34 
17-119 
11-30 
35-57 
26-38 
10-36 
11-25 
13-26 
23-29 
455-613 
457-676 
119 
20-30 
20-30 
300 
500 
39-33 
1-41 
24-112 
3-189 
42-158 
30 
6~231 
4-104 
31-225 
14-101 
7-69 
4-17 
2-13 
7-47 
217-519 
238-550 
33 
15-20 
15-60 
1000? 
1000? 
*Where a range is given, the higher values are for rapidly growing or lactating animals (Standing Committee on Agriculture 1990. 
'Feeding Standards for Australian Livestock. Ruminants'. CS/RO: East Melbourne.) 
High concentrations of manganese were consis-
tently recorded at farm V3 and occasionally at farm 
V2. Reduced growth rates have occurred in lambs on 
diets containing manganese in excess of 400 mg/kg dry 
matter although there is some evidence that growth 
rates of calves are not affected when given diets con-
taining 800 mg/kd dry matter of manganese. High 
intakes of iron can reduce the toxic effects of man-
ganese but will also reduce the availability of copper. 
Copper concentrations in pasture at farms SAi and V2 
were sufficiently low ( <5 mg/kg dry matter) to indicate 
that pasture production may respond to applications of 
copper. 
The hay supplements had similar trace element 
concentrations to that observed in pasture although 
zinc, iron and vitamin E.concentrations were usually 
lower. Pellets fed at recommended rates would provide 
significant quantities of cobalt, selenium, zinc and vit-
amin E (Table 2). However, the pellets sold for feeding 
to alpacas (alpaca pellets) also contained high concen-
trations of manganese which should not be given to 
alpacas on farms V2 and V3. 
BLOOD TESTS 
Separate statistical analyses were performed on blood 
data of huacayas collected for two years (farms SAi, 
SA2 and V2) and for one year (farm VI) and of suris 
collected for two years (farm V3). A linear model was 
fitted to the blood data of Huacayas and Suris and 
included the effects of location (Huacayas at farms 
SAi, SA2 and V2), animal nested within location, age, 
sampling time and two-way interactions. In order to 
standardise variances log transformations were under-
taken for vitamins D, E and B12 before statistical 
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analysis. The anti-logarithmic values of these vitamins 
however, are used in this report. 
Minerals and vitamin D 
Statistical evaluation of the data for Huacayas at farms 
SAI, SA2 and V2 indicated a significant farm by time 
of sampling interaction (P <0.00I) for all plasma min-
erals and vitamin D (25-hydroxycholecalciferol). Time 
of sampling significantly affected (P <0.00I) all plasma 
minerals and vitamin D values in Suris at farm V3 and 
in Huacayas at farm VI except for plasma calcium 
(P> 0.05). 
Table 3: Least square mean values for plasma 
constituents collected from Huacayas at four farms 
(SA 1, SA2, V1, V2) and Suris at one farm (V3). 
For each farm, the first and second values are for samples 
collected in 1994-95 and 1995-96 respectively. 
Farm November February June July August 
Calcium, mmol/L (normal values: sheep> 2.0; cattle> 2.0) 
SA1 2.4/2.4 2.3/2.4 2.3/2.3 2.3/2.3 2.4/2.4 
SA2 2.5/2.5 2.4/2.5 2.4/2.7 2.4/2.5 2.6/2.4 
V1 2.2/2.2 2.3/- 2.2/- 2.3/ - 2.3/ -
V2 2.3/2.4 2.3/2.5 2.5/2.4 2.4/2.3 2.6/2.4 
V3 2.2/2.3 2.3/2.5 2.4/2.4 2.3/2.5 2.3/2.4 
Phosphorus, mmol/L (normal values: sheep> 1.3; cattle> 1.3) 
SA1 2.5/2.4 2.4/2.6 2.7/2.1 1.8/1.2 1.5/1.5 
SA2 2.1/3.0 2.3/2.7 1.9/2.8 1.5/2.3 1.2/1.9 
V1 2.4/2.6 2.9/- 2.3/ - 2.3/- 1.6/ -
V2 2.5/2.6 2.3/2.3 2.3/1.6 2.0/1.3 2.3/1.5 
V3 2.3/2.1 2.4/2.5 2.2/2.3 2.2/1.2 2.5/1.3 
Magnesium, mmol/L (normal values: sheep >0.8; cattle> 0.6) 
SA1 0.90/0.65 0.72/0.69 0.78/0.78 0.82/0.77 0.89/0.81 
SA2 0.71/0.80 0.79/0.74 0.78/0.85 0.80/0.82 0.68/0.71 
V1 0.84/0.77 0.89/ - 0.85/ - 0.93/ - 0.94/ -
V2 0.88/0.75 0.85/0.83 0.77/0.91 0.82/0.88 0.81/0.87 
V3 0.90/0.88 0.89/0.88 0.87/0.93 0.70/0.80 0.89/0.94 
Vitamin 0, nmol/L (normal values: sheep> 25; cattle> 50) 
SA1 59/62 286/300 57167 35/- 22/20 
SA2 137/96 293/303 39/183 29/- 18/40 
V1 72/64 267/- 123/ - 641- 26/ -
V2 81/139 345/264 169/62 223/- 122/34 
V3 144/290 296/279 81/62 37/- 44/32 
A summary of the effects of time of sampling on 
plasma concentrations of the minerals and vitamin D 
is given in Table 3. In general there were no marked 
seasonal trends in plasma calcium or magnesium con-
centrations across farms. Mean calcium values were 
consistently above the minimum value of 2.0 mmol/L 
considered normal for ruminants. However, because 
plasma calcium levels are usually controlled within a 
narrow range they are not always a reliable guide to 
the calcium status of the animal. That is, an animal 
may be relying on its bone reserves of calcium to meet 
current requirements and to maintain normal plasma 
calcium levels. 
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Mean plasma magnesium levels were consistently 
above those values considered adequate for cattle but 
not always above those levels considered adequate for 
sheep. Animals usually have limited body reserves of 
magnesium that can be mobilised to cover dietary 
inadequacies, hence plasma magnesium levels will fall 
rapidly when animals are on diets of low available 
magnesium content. 
Indications of a seasonal trend in plasma phospho-
rus and vitamin D concentrations were apparent on 
most farms, with lower values being recorded in the 
winter months (Table 3). On occasions, individual 
plasma phosphorus levels in alpacas were less than 0.5 
mmol/L. It is likely that the hypophosphataemia was 
secondary to a vitamin D deficiency and not due to an 
inadequate dietary intake of phosphorus. Mean vita-
min D levels in winter on most farms were below those 
values considered normal for sheep and cattle (Table 
3). Crias born at the end of summer would be particu-
larly vulnerable during the following winter to rickets 
as a result of vitamin D deficiency. 
Statistical analyses indicated that age of Huacayas 
affected plasma levels of calcium (P <0.00I), phospho-
rus (P <0.00I) and vitamin D (P <0.05) at farms SAI, 
SA2 and V2 and of calcium (P <0.0I), phosphorus (P 
<0.00I) and magnesium (P <0.0I) at farm V2. For 
Suris only plasma phosphorus levels were altered (P 
<0.001) by age. 
The decline in plasma calcium and phosphorus lev-
els with increasing age is shown in Figures I and 2 
respectively. The higher values in the young animals 
are of significance particularly for plasma phosphorus 
levels if this constituent is to be assayed to assess 
whether crias are at risk to vitamin D deficiency. 
Trace elements and vitamins 
A summary of the mean values for trace elements and 
vitamin levels in blood of alpacas is given in Table 4. 
Statistical analyses of the Huacaya data for farms SAI, 
SA2 and V2 indicated a significant farm by time of 
sampling interaction (P <0.001) for all trace elements 
and vitamins. For the Huacayas at farm VI, time of 
sampling significantly affected (P <0.00I) plasma con-
centrations of zinc and vitamins A and E and blood 
selenium concentration. For Suris at farm V3, time of 
sampling affected plas~a concentrations of zinc (P 
<0.001) and vitamins E (P <0.00I) and A (P <0.05) 
and blood selenium concentration (P <0.05). 
There was no clear seasonal effect apart from an 
indication of a lower plasma vitamin E level in August 
during the first year of the study (Table 4). Mean plas-
ma copper and zinc levels were usually less than those 
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Fig. 1: Effect of age on mean plasma calcium levels in 
alpacas. 
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Fig. 3: Effect of age on mean plasma copper levels in 
alpacas. 
plasma copper, pmol/L 
10.0 
9.5 · &Huacaya (SA1, SA2, V2) 
9.0 
8.5. 
8.0 .µ ___ , ______ _...--; 
6.0 
S.5 
5.0 
cria tuls adult 
values indicative of adequacy of these elements m 
ruminants (Table 4). The low zinc levels warrant fur-
ther investigation as to whether plasma zinc levels in 
alpacas are a useful indicator of zinc intake. 
Mean blood selenium levels were lower in alpacas 
on farm Vl than in alpacas on other farms and were 
close to the minimum normal levels in the blood of 
ruminants (Table 4). On other farms where pasture 
selenium levels were low (Table 2), the pellet supple-
ments provided an additional source of selenium. 
Plasma vitamin E and A levels were usually above 
those values considered inadequate for ruminants: 
plasma levels of these vitamins are usually depressed in 
ruminants on dry pasture although this depression was 
not evident in the present study. Plasma vitamin Bl2 
levels in sheep and to a lesser extent in cattle are used 
as an indicator of the adequacy of cobalt in the diet. 
The cobalt is required for the synthesis of vitamin B12 
by ruminal microorganisms and it is the vitamin not 
the cobalt that is required by the host tissues. In 
alpacas the vitamin B12 levels appear to be intermedi-
ate between values considered normal for sheep and 
cattle (Table 4). 
Statistical analyses indicated that age had a signifi-
cant effect on plasma copper levels in Huacayas at 
farms SAl, SA2 and V2 (P <0.001), in Huacayas at 
Fig. 2: Effect of age on mean plasma phosphorus levels 
in alpacas. 
plasma phosphorus, mmollL 
r-
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Fig. 4: Effect of age on mean blood selenium concentra-
tions. 
blood selenium, ~Ill 
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farm Vl (P <0.01) but not in Suris at farm V3 
(P> 0.05). Blood selenium levels were also affected by 
age in Huacayas at farms SAl, SA2 and V2 (P 
<0.001), in Huacayas at farm Vl (P <0.05) and in 
Suris at farm Vl (P <0.001). 
Figures 3 and 4 show the general increase with age 
in plasma copper and blood selenium levels respec-
tively. In a number of species, including sheep and cat-
tle, low plasma copper levels are present at birth but 
generally increase to normal adult values by about one 
week of age. 
CONCLUSIONS 
In the first instance it is preferable to test the animal 
rather than the pasture to ascertain the mineral, trace 
element or vitamin status of the animal. Problems in 
predicting mineral deficiencies in animals from pasture 
analyses include obtaining a representative sample of 
that eaten, in determining the availability of the miner-
al and the effects of soil ingestion. Soil ingestion can 
have adverse and beneficial effects on the trace ele-
ment status of the animal. For example, the ingestion 
of soil may be a significant if not a major source of 
cobalt intake of sheep on autumn-winter pastures. The 
deficiency is not always the result of an inadequate 
level of the nutrient in the diet but can be due to other 
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dietary factors which may reduce the availability of the 
nutrient. For example, excessive intakes of molybde-
num, sulphur or iron will lower the availability of 
dietary copper, and magnesium deficiency can result 
from excessive intakes of potassium. Once a deficien-
cy has been established in an animal, pasture tests, 
however, are useful in helping to resolve whether the 
deficiency is the result of a lack of the nutrient in the 
feed or due to its low availability. Pasture tests are also 
of value when no suitable animal test is available, for 
instance in assessing whether stock are at risk to man-
ganese deficiency or toxicity. 
Table 4. Least square mean values for plasma con-
stituents collected from Huacayas at four farms (SA 1, 
SA2, V1, V2) and Suris at one farm (V3). 
For each farm, the first and second values are for samples 
collected in 1994-95 and 1995-96 respectively. 
Farm November February June August 
Plasma copper, pmol/L (normal values: sheep> 8; cattle> 8) 
SA1 7.8/6.7 8.3/8.1 7.3/6.8 8.9/6.1 
SA2 8.0/7.1 7.9/5.7 7.017.0 6.4/6.9 
V1 7.3/5.9 8.1/ - 8.1/ - 7.9/ -
V2 7.7/6.3 8.9/6.7 7.8/8.3 7.517.7 
V3 8.2/6.4 9.1/8.2 6.8/9.2 9.3/8.8 
Plasma zinc, pmol/L (normal values: sheep> 9; cattle> 9) 
SA1 5.7/5.3 3.4/4.0 4.1/3.3 5.3/4.4 
SA2 3.4/3.4 6.0/2.8 4.1/3.7 3.6/3.3 
V1 3.8/5.3 3.7/- 4.7/- 4.8/-
V2 4.7/4.7 3.3/3.7 3.8/4.7 4.4/4.0 
V3 7.1/4.7 3.3/4.0 3.7/5.2 4.8/4.2 
Blood selenium, pmol/L (normal values: sheep> 0.5; cattle> 0.25) 
SA 1 1.3/0.9 1.3/1.5 1.4/1.6 1.0/1.5 
SA2 0.9/1.7 2.2/2.1 2.3/1.7 2.3/1.2 
V1 0.5/0.5 0.71 - 0.9/ - 0.6/ -
V2 2.1/2.0 1.7/2.5 1.9/2.2 2.1/1.7 
V3 1.3/1.7 1.4/1.4 1.4/0.9 1.3/0.8 
Plasma vitamin E, mg/L (normal values: sheep> 0.5; cattle> 2.0) 
SA 1 3.3/2.3 2.4/2.3 2.6/2.6 2.0/2.6 
SA2 2.9/2.5 2.7/3.0 2.2/2.5 1.6/2.3 
V1 3.4/2.9 4.3/ - 3.8/ - 2.4/ -
V2 3.5/3.0 5.2/3.6 3.9/3.3 3.2/3.4 
V3 3.6/2.3 3.7/3.7 2.4/3.1 2.0/2.6 
Plasma vitamin A, mg/L (normal values: sheep> 0.3; cattle> 0.3) 
SA 1 1.2/1.0 1.1/1.3 1.3/1.3 1.2/1.3 
SA2 1.0/1.3 1.4/1.3 1.211.6 1.2/1.9 
V1 1.0/1.0 1.0/ - 1.3/ - 0.9/ -
V2 1.0/1.1 1.3/1.2 1.3/1.5 1.1/1.2 
V3 1.0/1.0 1.2/1.4 1.1/1.6 1.4/1.4 
Plasma vitamin 812, pmol/L (normal values: sheep> 400; cattle> 100) 
SA 1 280/240 290/190 150/220 410/190 
SA2 220/130 150/160 230/220 140/170 
V1 270/150 280/ - 220/ - 250/ -
V2 340/480 340/280 250/400 350/460 
V3 340/270 330/240 270/220 270/290 
This study shows that factors such as time of sam-
pling, location and age can markedly affect the miner-
al, trace element and vitamin levels in the blood of 
I Minerals, Trace Elements and Vitamins: JWJ.wn et al I 
alpacas. These findings will be of value in establishing 
typical blood values for healthy alpacas in southern 
Australia. 
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